ABSTRACT
Introduction
Citrus is one of the most economically important fruit crops in the world. With the development of the processing industry and the demand for higher quality fruit, the production of fruits with few or no seeds has steadily increased [1] . Seedlessness is an important economic trait relating to fruit quality. There are many desirable characteristics of seedless fruit, which include high quality and taste, which are greatly valued by both consumers and the processing industry. The presence of a large number of seeds in citrus fruits greatly hinders consumer acceptability, even if it has good organoleptic properties. Therefore, the development of seedless fruit cultivars has become a major goal for fruit breeders around the world and different approaches have been adopted by numerous researchers. Great achievements have been made over the past few decades in seedless breeding techniques with fruits such as citrus, grape (Vitis vinifera L.), litchi (Litchi chinensis Sonn.), loquat (Eriobotrya japonica Lindl. cv. Jiefangzhong), mango (Mangifera indica Linn.) and wampee (Clausena lansium Lour.) [1] [2] [3] . Thus, among citrus cultivars, mutation breeding has been used to improve sweet orange ( Citrus sinensis (L.) Osb.), grapefruit (C. paradisi Macf.) and mandarin (C. reticulata Blanco) [4, 5] .
Seedlessness in citrus mandarin cultivars can be induced by many factors, including female or male sterility, defective ovules and embryo-sacabortion, pollen selfincompatibility, polyploidy, abnormal climate and application of plant-growth regulators, such as gibberellins. Yamamoto et al. [3] investigated the relationship between female and male sterility, and self-incompatibility, with seed content in citrus fruits, showing that self-incompatibility as well as male sterility effectively reduces seediness [6, 7] . Many seedless citrus cultivars, especially seedless mandarin cultivars, originate from the bud mutation of seedy cultivars [8] . Research into this matter is essential to understand the relationship between bud variation and the mechanism of seedlessness [1] .
Mutation breeding has been used not only to obtain seedless cultivars, but also to improve other characteristics of citrus, as in "Sunki" spine-free mandarin [9] , the fleshy red colour of "Star Ruby" grapefruit [10] and "Mal Secco" tolerance in lemon (C. limon (L.) Burm f. [11] . Another question to consider is the effect of irradiation on the quality of different mutants. Qualities of the control cultivar have to be kept or improved in the new varieties, along with the seedless quality. Fruit weight, size, acidity, maturity index, harvest time, chemical and nutritional composition are important quality traits for fresh citrus consumption and acceptance by the citrus industry.
Citrus fruits have received much attention due to their nutritional and antioxidant properties and currently the prevention of health problems through nutrition is being promoted intensively [12] [13] [14] [15] , due mainly to the contribution of antioxidant compounds, including vitamin C, phenolic compounds and carotenoids. Organic acids, sugars and phenolic compounds are among the major compounds of citrus fruit.
Previously, we have studied the chemical variability of bioactive compounds in citrus pulp and juice and its relationship with genetic and climatic factors. More recently, we have evaluated the rind content of bioactive constituents (flavonoids, carotenoids, vitamin-C, essential oils and mineral composition) in several mandarin and orange cultivars [16, 17] . In citrus, the major part of the total antioxidant activity is due to hydrophilic compounds [18] , and some authors have shown the important role played by hesperidin in the antioxidant capacity of orange juices [14] .
Gamma irradiation is a common technique used to obtain seedless citrus fruits. Herein, we report a study of thirteen new seedless "Moncada" mandarin clones of the self-incompatible parthenocarpic "Moncada" mandarin obtained by gamma irradiation. The original hybrid "Moncada" mandarin control "Oroval" × "Kara" (C. clementina Hort. ex Tan. × (C. unshiu Marc. × C. nobilis Lour.)) was previously obtained in 1980 through a breeding program held at Instituto Valenciano de Investigaciones Agrarias (IVIA) by R. Bono et al. This cultivar demonstrates excellent agronomical behaviour, fruit size, internal quality, good rind colour, is easy to peel, which ripen period is January an February, and almost completely seedless if grown in isolation [19] . However, this mandarin cultivar can be very seedy if there are compatible pollen sources nearby, and it is almost impossible to exclude honeybee activity during the blooming period. So, although "Moncada" mandarin is a self-incompatible and parthenocarpic cultivar, cross-pollination increases the presence of seeds in the fruits. Gamma irradiation of 3000 "Moncada" budwoods was carried out in the year 2000; the mutation was stabilized by subsequent grafting and around 8400 clones were obtained; their evaluation for seedlessness is still underway. Some clones with few or no seeds in an open pollinated field have been selected for further studies.
In this paper we assess a number of fruit characteristics (number of seeds, pollen viability, fruit size, juice percentage, maturity index) and biofunctional aspects (ascorbic acid, organic acids, flavonoids, carbohydrates, carotenoids and essential oils content) in new clones of "Moncada" mandarin, obtained by bud irradiation. Some authors have reported that irradiation not only affects seed formation in the fruit, but also lowers acidity and increases lycopene carotenoid [20] or favours early ripening [21] , while other have reported no changes in seedless cultivars of grapefruits, mandarins and oranges obtained by γ-irradiation of buds [22] . In our case, some of the clones obtained showed clear differences in certain fruit quality traits.
Materials and Methods

Instruments
Polytrom PT3100 homogenizer (Kinematica AG, Switzerland) and an Eppendorf 5810R centrifuge (Eppendorf Iberica, Madrid, Spain) were used for sample treatment. Analysis was made using an Alliance liquid chromatographic system (Waters, Barcelona, Spain) equipped with a 2695 separation module, coupled to a 2996 photodiode array detector and a ZQ2000 mass detector. A thermostat column oven, a reverse-phase column C 18 Tracer Excel 5 µm 120 OSDB (250 mm × 4.6 mm) (Teknokroma, Barcelona, Spain), a reverse-phase column C 30 YMC S-5 µm (250 mm × 4.6 mm), a guard column YMC 30 S-5 µm (10 mm × 4.0 mm) (YMC Europe GmbH, Germany), a ICSep ICE-COREGEL 87H3 column (Transgenomic), a ICSep ICE-COREGEL 87H guard kit, and an automatic injector were used for chromatographic separation. Empower 2 software was used for data acquisition. Sample temperature was 5˚C, column temperature was 25˚C or 35˚C, and the UV-Vis spectra were recorded from 280 to 400 nm. An HPLC system equipped with a Waters 515 HPLC pump, a Waters 2414 refractive index detector and a 20 µL loop Rheodyne injector were used for sugar analysis. Empower 2 software (Waters, Spain) was used for data processing. Analysis of essential oils was carried out with a Tracer Ultra (Thermo Scientific, Spain) gasses chromatographic system equipped with a PolarisQ mass detector, Tri Plus autosampler and a Thermo TR-5 ms SQC (30 m × 0.25 mm i.d. × 0.25 μm) column of 5% phenyl polysilphenylene-siloxane. Xcalibur software was used for data acquisition, and the NIST library was employed.
Plant Material and Sampling
Gamma irradiation of 3000 budwoods of "Moncada" mandarin was carried out in the year 2000, using a cobalt ( 60 Co) source at （50 ± 10）% Gys. Budwoods were then grafted onto one-year "Carrizo" citrange (C. sinensis (L.) Osb. × Poncirus trifoliata (L.) Raf.) rootstock, held at the IVIA, located in Moncada (Valencia, Spain). The following year, around 10,000 buds were selected from the obtained shoots (first generation) and grafted onto "Carrizo" citrange rootstock, placing two buds per tree, at different heights and orientation, in order to have two sources of irradiated material (second generation). These new plants were planted in containers (3.5 L) in the greenhouse until the spring of 2003, after which they were moved to an experimental field at the IVIA. In total, around of 5000 plants were transplanted, carrying around 8400 irradiated buds from "Moncada" mandarin variety. "Moncada" mandarin is a self-incompatible parthenocarpic cultivar, and flowers should be pollinated by a compatible cultivar to form seeds. This situation was facilitated by planting intercropped irradiated clones between plants of the cultivar "Fortune" (C. clementina Hort. ex Tan. × C. tangerina Hort. ex Tan).
For this study we used one tree of each clone (thirteen clones) and a tree of "Moncada" mandarin as control. The clones were selected based on fruit seed number. All cultivars shared the same environmental, cultural and soil conditions, thus the differences among cultivars were not influenced by climatic factors or crop techniques. Representative samples studied in this paper were harvested on four different dates during two years (12/ 
Seed Numbers and Fruit Quality
Twenty open flowers, at a growth stage 61 -62 on the Citrus BBCH phenological scale [23] from the different clones and control, were hand-pollinated with fertile pollen of "Fortune" mandarin, previously obtained from recently opened flowers. After full fruit development and maturation, all fruits were counted and harvested on four different dates during two seasons. Weight, height and diameter were measured for each fruit, and seeds per fruit were counted. Juice was obtained from the whole fruits, 15 -20 fruits per clone and per harvest, using a Zumonat machine (Somatic-AMD, Spain) and analyzed for ˚Brix with a refractometer (Atago Co. Ltd., Japan), acidity by titration with 0.1 N NaOH using phenolphthalein as indicator, maturity index and juice percentage.
Pollen Germination
Twenty flowers per clone were harvested and the anthers collected and dried for 24 h at room temperature in the dark. The pollen grains were hydrated and sown on two glass slide-trays with Brewbaker medium [24] . Ten visual fields were selected from each slide-tray, and the pollen germination percentage recorded.
General Procedure for Extraction and Analysis
Determination of Total Ascorbic Acid
One millilitre of filtered juice was mixed with 200 µL of 1,4-dithio-DL-threitol (DTT, 20 mg/mL) and left to react for 2 h in the dark, then filtered through 0.45 µm filter and used for total ascorbic acid determination by HPLC-DAD [14] . A reverse-phase C 18 column was used with an isocratic mobile phase of methanol: 0.6% acetic acid (5:95). The total run time was 10 min at 1 mL/min, and injection volume was 5 µL. The retention time of ascorbic acid was 3.8 min, and quantification of ascorbic acid was performed at 245 nm by external standard calibretion. L-Ascorbic acid and DTT were obtained from Sigma (Sigma Co., Barcelona, Spain) and Fluka (Sigma Co., Barcelona, Spain), respectively. All solvents used were of HPLC-grade and ultrapure water (Milli-Q) was used.
Determination of Organic Acids
One millilitre of filtered juice was mixed with 1 mL of 0.1% H 2 SO 4 solution, and then the sample was centrifuged at 4˚C for 5 min at 8000 x g. The supernatant were filtered through 0.45 µm filter and analysed by HPLC-DAD, and confirmed by HPLC-MS working in electrospray ion negative conditions. The capillary voltage was 3.0 kV, cone voltage 23 V, source temperature 100˚C, desolvation temperature 200˚C and desolvation gas flow 400 L/Hr. Full data acquisition was performed scanning 100 to 400 uma in centroid mode. An ICSep ICE-CO-REGEL 87H3 column was used with an isocratic mobile phase of 0.1% H 2 SO 4 solution. The total run time was 20 min at 0.6 mL/min, and injection volume was 5 µL.
Compounds were indentified on the basis of comparing their retention times, UV-Vis spectra and mass spectrum data with corresponding authentic standards. Concentrations were determined using an external calibration curve with citric acid (r T + 117 m/z). All solvents were of HPLC-grade and ultrapure water (Milli-Q) was used. Standards were obtained from Sigma (Sigma Co., Barcelona, Spain).
Determination of Flavonoids
One millilitre of filtered juice was mixed with 1 mL of DMSO/MeOH (1:1, v/v), and then the sample was centrifuged at 4ºC for 5 min at 8000 x g. The supernatant were filtered through 0.45 µm filter and analysed by HPLC-DAD and HPLC-MS using a reverse-phase column C 18 . A gradient mobile phase consisting in acetonitrile (solvent A) and 0.6% acetic acid (solvent B) were used. The flow rate was 1 mL/min and injection volume was 10 µL. The conditions were as follow: initial condition of 10% A for 2 min, reaching 75% A in the following 28 min, and then back to initial condition and held for 5 min (total run time 35 min). HPLC-MS analysis was performed working in electrospray ion positive conditions. The capillary voltage was 3.50 kV, cone voltage 20 V, source temperature 100˚C, desolvation temperature 225˚C, cone gas flow 70 L/Hr and desolvation gas flow 500 L/Hr. Full data acquisition was performed scanning 200 to 800 uma in centroid mode. Compounds were indentified on the basis of comparing their retention times, UV-Vis spectra and mass spectrum data with corresponding authentic standards. Concentrations were determined using an external calibration curve with narirutin (r T = 14. [16, [25] [26] [27] . Narirutin was purchased from Extrasynthesis (Extrasynthesis, Genay, France), diosmin and hesperidin were obtained from Sigma (Sigma Co., Barcelona, Spain), and didymin, nobiletin and tangeretin were purchased from ChromaDex (Irvine, CA, USA). All solvents used were of HPLC-grade and ultrapure water (Milli-Q) was employed.
Determination of Carbohydrates
Two millilitres of juice were centrifuged at 8000 x g, for 5 min at 4˚C. The samples were filtered through 0.45 µm nylon filter and analyzed by HPLC using a column Tracer Carbohydr 250 mm × 4.5 mm, 5 µm (Teknokroma, Barcelona, Spain) and a mobile phase composed by acetonitrile:water (75:25) at a flow rate of 1 mL min −1 .
Fructose, glucose and sucrose sugars were indentified comparing their retention time with a standard and quantified using an external calibration curve.
Determination of Carotenoids
Twenty millilitres of filtered juice were mixed with 10 mL of ethyl acetate (0.05% BHT) and 0.5 g of basic magnesium carbonate. The sample was centrifuged at 8000 x g at 4˚C for 10 min, the supernatant was collected in a 250 mL decantation funnel and the pellet was reextracted with 20 mL of ethyl acetate (0.05% BHT) and supernatant transferred to the decantation funnel. The organic phase was washed three times with NaCl-saturated water, collected and dried on a bed of anhydrous sodium sulphate. Ethyl acetate was removed in a vacuum rotary evaporator at 40˚C. Residue was dissolved in 5 mL of ethyl ether and saponified with 2.5 mL of 20% KOH in methanol overnight in dark. Saponified extract was transferred to a 250 mL decantation funnel, mixed with 20 mL of diethyl ether and washed three times with NaCl-saturated water. Diethyl ether was collected, dried with anhydrous sodium sulphate, and evaporated. Dried samples were dissolved in 1 mL ethyl acetate and analysed by HPLC-DAD using a C 30 column. The flow rate was 1 mL/min and injection volume was 20 µL. A ternary mobile phase of water (A): methanol (B): methyltert-butyl ether (C) was used. Initial conditions were 4% A, 86% B and 10% C held for 10 min, then changed to 4% A, 10% B and 90% C for the next 40 min, and back to initial conditions and conditioning column for 10 min, total run time 60 min [28, 29] . Compounds were indentified on the basis of comparing their retention times and absorption spectrum characteristics. Carotenoids were quantified using calibration curves with β-cryptoxanthin (r T = 27.6 min; λ I-III (nm) = 428sh/452/478) and β-carotene (r T = 32.9 min; λ I-III (nm) = 427sh/454/475), with several concentrations. β-Cryptoxanthin was obtained from Extrasynthese (Extrasynthesis, Genay, France), and β-carotene was purchased from Biochemica (Sigma Co., Barcelona, Spain).
Essential Oils
A head-space system by direct injection to draw off volatile organic compounds (incubation time of 20 min at 40˚C) was used. Representative samples (5 mL) of juice were analysed by Gas Chromatography-Mass Spectrometry (GC-MS). The initial column oven temperature was 60˚C (5 min) and two ramps were used: column oven temperature was increased by 5˚C/min to 230˚C (1 min, ramp-1) and then by 40˚C/min to 300˚C (10 min, ramp-2). Hellium was used as carrier gas and the injecttion was made in split mode (split radio 50), and the injection volume was 1 mL. Mass detector conditions were as follows: acquisition mass range 30 -400 amu in full scan mode in positive polarity, source temperature of 225˚C and damping gas (He) flow, 0.3 mL/min. Compounds were indentified on the basis of comparing their retention times and mass spectrum characteristics. Pure standards α-pinene (r T = 7.11 min), myrcene (r T = 8.98 min), limonene (r T = 10.24 min) and β-pinene (r T = 8.56 min), were obtained from Sigma, Aldrich or Fluka (Sigma Co., Barcelona, Spain).
Data Analysis
Data were expressed as means. One-way ANOVA analyses were carried out with the Statgraphics Plus package, and the Duncan test method (P < 0.05) was applied to experimental data and to estimate significant differences amongst data.
Results and Discussion
Fruit Seeds Number and Pollen Germination
Self-incompatible citrus cultivars grown in solid plantation do not produce seeds, but when other cultivars with compatible pollen are close, cross-pollination occurs and seeds are formed in the fruits. The seed numbers obtained by hand cross-pollination were higher than those obtained in open-pollination. Forced pollination leads to fecundation of almost all ovules in the ovary; therefore, low seed number is indicative of low viability of the seminal rudiments present in the flower. Because seedlessness is such an important attribute of citrus quality, demanded both for fresh consumption and industrial processing, the primary target for irradiation is seedlessness. Irradiation is a valuable tool to obtain seedless cultivars from seedy ones. Mutation also affects pollen viability. Female and male sterility seem to be directly related, so clones with a lower seed number also present lower pollen viability, and the impairing chromosomes during meiosis activated by irradiation are responsible, in some cases, for sterility [19, [30] [31] [32] . The selection process began in 2004 and ended in 2009. Seed number was determined by cutting the fruit transversely in the field. After full fruit development and maturation, all fruits were counted and harvested, and seeds from each fruit were counted. All clones studied presented a lower and significantly different seed number compared to the control "Moncada" mandarin when hand cross-pollinated with fertile pollen from "Fortune" mandarin. This would clearly indicate radiation affected the fertility of ovules present in the mutant cultivar flowers. The lowest value corresponded to clone 4R02, with an average number of 1.30 seeds per fruit, followed by clones 1R03 and 2L09 (1.75 and 1.80 seeds, respectively), whereas the control "Moncada" mandarin showed an average number of 14.70 seeds. None of the clones had an average seeds number above 3.35 seeds per fruit (Figures 1 and 2) . Moreover, all clones showed reduced pollen germination compared to the control "Moncada" mandarin, with significantly different values. Control "Moncada" mandarin gave a pollen germination value of 83.30%, while clones 4R02 and 2L09 presented the lowest pollen germination (1.15% and 0.65%, respectively). All clones had pollen germination values below 12% (Figure 1). 
Fruit Quality: Nutritional Quality
Fruit weight, size, acidity, maturity index and harvest time, as well as chemical and nutritional composition are all important quality traits, consequently different fruit quality features have been evaluated in the irradiated "Moncada" clones under study (see Table 1 ). Fruit quality parameters were obtained from representative samples from the whole fruits harvested over two seasons. For the wild-type "Moncada", fruit weight, height and diameter parameters were 129.75 g, 49.55 cm and 67.60 cm, respectively. Weight, height and diameter parameters differed in some of the clones assayed, but only clone 4R02 presented values that were significantly lower than the control (87.75 g, 43.53 cm and 60.25 cm, respectively). Interestingly, clone 2L09 had an identical fruit height to the control but a significantly lower diameter value, thus emphasizing its rounded shape, it also displayed good rind colour and easy peeling. ˚Brix, acidity and maturity index indicate the maturity status of the fruit. Only clone 1G05 (with 14.55 ˚Brix) showed a significantly higher ˚Brix value than the control mandarin (with 13.18 ˚Brix), three clones (4R02, 1G05 and 2L09) had significantly higher acidity values than the control, and two clones (1G05 and 2L09) presented significantly different values compared to the control (see Table 1 ). It is interesting to note that juice percentage was not influenced by irradiation. The wild-type "Moncada" had a juice percentage of 52.50%, and the clones assayed gave values of between 49.00% and 54.75%.
Vitamin C and Organic Acid Content
Citrus juices are well-known nutrient sources of ascorbic acid (vitamin C) which is an important antioxidant. The content of vitamin C and other organic acids in fruits and vegetables can be influenced by various factors such as genotypic differences, climatic conditions and cultural practices; furthermore, their nature and concentration largely affect taste characteristics and organoleptic quality [33] [34] [35] . The main organic acids of citrus fruits are citric and malic acids. In addition, traces of benzoic, oxalic and succinic acids have also been reported.
Our study revealed few differences in the content of bio-components analyzed in the selected clones. Data of total ascorbic acid are reported in Table 2 in milligrams per 100 mL of juice, and the results are in agreement with our previously reported citrus study of several man- darin and orange varieties [17] . Ascorbic acid changed significantly in eight clones, three of which (clones 4R02, 1G05 and 1S15) showed a higher ascorbic acid content than "Moncada" mandarin control, which had 24.44 mg/100mL of juice. Moreover, three organic acids were separated and identified in all clones: citric, malic and succinic acid. The amounts of each organic acid found are reported in Table 2 in grams per L of juice. As indicated by previous researchers [34] , citric acid was the major organic acid found in all clones (17.49 -9.01 g/L), followed by malic acid (10.16 -8.08 g/L), while succinic acid was present in minor quantities. Thus, the content of organic acids followed a similar trend in all the clones studied, although several clones gave citric, malic and succinic acid values that differed significantly from the "Moncada" mandarin control (see Table 2 ).
Flavonoid Content
Flavonoids are widely distributed in fruits and each species is characterized by a particular flavanone glycoside pattern. HPLC with diode array detection and mass spectrometry analytical methods have been used for their identification and characterization [25, 36] . Our previous studies on the pulp and rind of orange and mandarin species indicated that the Satsume group present the highest amounts of flavanone glycosides, hesperidin and narirutin compared to the other varieties studied. Contents of other flavonoid compounds showed similarly low tendencies in all citrus cultivars studied [16, 17] . In the present study, flavonoid hesperidin differed significantly in ten clones, and all of them (except clone 1S15) presented higher hesperidin concentration than the control "Moncada" mandarin. Several clones also had significantly different narirutin, didymin, nobiletin and tangeretin values to the wild-type "Moncada" (see Table 3 ).
Carbohydrate Content
The main portions of carbohydrates in citrus fruits are three simple sugars: fructose, glucose and sucrose, they represent the largest percentage of total soluble solids of citrus juice, and the ratios of fructose:glucose:sucrose are generally about 1:1:2 [34] . This ratio was similar for the irradiated "Moncada" clones under study, and sucrose was present in the largest amounts for all clones (about 79.96 and 116.05 g/L). The wild-type "Moncada" had fructose, glucose and sucrose values of 22.84, 20.32 and 79.96 g/L, respectively. Sugar composition was similar in the clones and in the control "Moncada" mandarin, although fructose and glucose differed significantly in three clones (fructose in 7S14, 1G05 and 6Ñ09; and glucose in 7S14, 1G05 and 6S17), whereas six clones showed sucrose values which differed significantly from the control (see Table 4 ). It is interesting to note that clone 6S17 showed a significantly higher content of glucose and sucrose compared to the control.
Carotenoid Content
The most abundant carotenoids reported in Citrus sp. are β-carotene, β-cryptoxanthin, lutein and zeaxanthin, all of them with antioxidant activity [14] . Extracts of citrus fruit peel and pulp are an important and complex source of carotenoids, which are natural pigments, in considerable amounts and in all species. It would be very interesting to establish the relationship between carotenoid accumulation in the fruit, biogenetic routes and genetic diversity in Citrus sp.
Our results are reported in Table 4 in μg per 100 mL of juice. β-Cryptoxanthin and β-carotene were identified on the basis of comparing their retention times and absorption spectrum characteristics with corresponding authentic standards. The content of β-cryptoxanthin underwent huge changes in numerous clones, ranging from 425.75 µg per 100 mL (clone 1R03) to 266.88 µg per 100 mL (clone 2B04). All clones presented higher β-carotene concentrations than the wild-type "Moncada", with significantly different values, around 16 µg per 100 mL for clones 4R17, 4R02 and 1R03 ( Table 4) .
Essential Oil Content
Citrus oils are mixtures of volatile components of terpenic hydrocarbons and oxygenated compounds such as aldehyde, alcohol, ketone and ester derivatives. The chemical variability of essential oils and their relationship to genetic and climatic factors is an important topic for research [37] . Merle et al. [38] made an exhaustive study on rind oils obtained from different varieties of citrus. They were able to identify 98% of the oil content, and found that the principal component in all the essential oils was the monoterpene limonene, ranging from 88% to 95%, with myrcene being the second compound in most cultivars.
The gas chromatographic profiles and compositions of essential oils are presented in Table 5 . For each sample, the qualitative composition was calculated as a relative percentage of peak area, and components were identified, in agreement with reports in the literature, tentatively based on retention times and mass spectrum characteristics also described in the literature [38] . Our data are in agreement with the reports in the literature, with limonene being the main component identified. Thus, limonene, a monoterpene hydrocarbon, was the most abundant compound with an average percentage of 96%. The second compound was myrcene (1.24% -1.07%), followed by α-pinene with a similar relative percentage in the majority of the cultivars (0.92% -0.67%). Another monoterpene identified in these oils was β-pinene (0.01% -0.05%) (see Table 5 ). In addition, traces of sabinene, linalool, citronellal, α-terpineol, carvones and 3-carene were identified, tentatively based on the retention times and mass spectrum characteristics as described in the literature (unpublished data).
Conclusions
In conclusion, budwood irradiation is a suitable technique to improve cultivars, produce seedless cultivars, adjust ripening time or raise the content of health-promoting compounds. In this paper, we characterized 13 clones obtained from irradiated budwood of the seedy "Moncada" mandarin, assessing the quality parameters of the fruit, chemical composition and seed number. All irradiated clones examined presented lower seed numbers and reduced pollen germination compared to the control. Irradiation affected not only seed formation in the fruit but also most of the clones differed clearly in several aspects related to fruit quality. Many of the clones showed 10 or more different quality traits when compared with the control "Moncada" mandarin, having higher or lower ˚Brix, acidity, size and maturity index, and different biocomponent contents. In order to understand the development of clones under field conditions, and specific production data, the most promising clones have been grafted onto adult plants in various locations in the Mediterranean area. Currently, several clones with improved quality are candidates to replace the control, "Moncada" mandarin, and the most promising ones require further study to determine their agronomic behaviour.
In view of the above results, two clones (6S17 and 2L09), which demonstrate excellent traits regarding seed formation and fruit quality, including fruit size, internal quality, good rind colour and easy peeling, are in the process of being registered. Regarding nutritional quality, clones 6S17 and 2L09 are not particularly different from "Moncada" mandarin, differing only in sucrose and carotenoid content. Clone 2L09 is smaller in weight and size, rounder in shape, its maturity index is lower than the "Moncada" mandarin control throughout the ripening period, whereas clone 6S17 is very similar in size to "Moncada" mandarin. These clones exceed the normal harvesting period without compromising fruit production the following year. These two clones fulfilled the main requirements of our breeding program: low seed number and late maturing, as well as maintaining or improving fruit quality. However, other clones are still the subject of further study.
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